Overhead transmission line icing is one of the main factors affecting safety and reliability of power grid. This paper proposed an excitation deicing method of iced wire and theoretically revealed the ice removal mechanism under displacement excitation conditions, by taking the LGJ-70/10 glaze icing wire as the 3D model and analyzing and studying its dynamic response under the effect of displacement excitation. The simulation results show that the stress of wire icing area is enlarged with the increase of excitation displacement and frequency. Through the comparison of the compression strength experimental results on a series of different iced wires in low temperature environment, the authors found out that the stress generated from the wire icing area is greater than the crushing strength of the ice within the scope of the calculation parameters, which proved the validity and the feasibility of the method, and finally the suitable excitation displacement is determined. Following studies show that, as far as possible, it is necessary to reduce the incentive displacement and also to select the appropriate constraint length in order to avoid the line jumping that may be caused by large span ice shedding.
Introduction
Transmission line will be iced up under the environment of low temperature, freezing rain, and so forth. Ice coating of overhead transmission lines is a common natural disaster in many countries of the world. Quebec in Canada is one of the most serious areas of ice cover; ice disaster in central and southwestern America is also serious; North Caucasus in Russia, Japan, Britain, Finland, and Iceland have led to major security incidents due to the cladding ice of transmission line. Serious ice coating will influence the stability and security of power grid operation. Therefore, transmission lines deicing technology is one of the major issues of intelligent power grid construction and development which needs to be resolved.
In various transmission lines deicing methods, there are three major kinds applied in practice, such as mechanical deicing, electric melting ice, and passive method [1] . Mechanical deicing uses mechanical force to make the ice break and fall off, which mainly contains "ad hoc" method and pulley scraping method. "Ad hoc" is a kind of artificial knock deicing method; it relies on external force to percussion deicing, pulley scraping method is to eradicate the ice by artificial pulling the pulley on the line, which is a feasible mechanical deicing method on transmission lines. With the application and development of deicing robot, mechanical deicing technology obtained the expansion and development. Because of the advantages of energy saving, flexibility, and adaptability, deicing robot has increasingly become a focus of mechanical deicing on transmission lines [2, 3] .
In the early 80s of the last century, countries such as Canada, the United States, and Japan have started the deicing robot research and development work. Journal of Applied Mathematics researchers jointly developed "Expliner" electric robot. Line Rover, developed by Quebec Hydropower Institute, appeared early as a kind of deicing robot; it is mainly used to clean up the ice of the transmission line. In 2006, the improved inspection robot of transmission line also has the function of overcoming the barrier. At the end of 1990, some of scientific research institutions and universities in China successively launched the deicing robot research; the deicing robot from single arm robot to multiarm robot is more and more variety which is developed and improved by China Electric Power Research Institute, Shandong University, and Wuhan University. In all, the flexibility of the deicing robot is increasing [4] .
In addition to the deicing robot walking mechanism, the working head part is one of the key technologies of the deicing operation success or failure. However, in the variety of deicing robots, the work head works mostly following the early method of using blade scraping and knock [5, 6] . This is not conducive to the stable and the efficient implementation in the span flexible wire environment; what is more worth mentioning is that blade scraping and knock are easy to damage the line. After viewing the above problem, this paper proposes a local incentive displacement deicing method, which can be implemented by the working head of the deicing robot. That is, to constrain a length of iced wire, using eccentric vibrator to produce an incentive displacement to form a local vibration, the alternating stress and displacement are generated, to make ice break off from the wire, so as to realize the deicing of the icing line. In this case, the alternating displacement of the wire will be controlled by the eccentricity, which can ensure the stability of deicing operation.
In this paper, we establish the 3D glaze ice model of LGJ-70/10, focus on the analysis of cylindrical glaze ice, and investigate its distribution of stress and displacement under the incentive conditions. Then, the simulation calculation and the result were compared with the strength experimental test results of different sections of iced wire under a series of low temperature conditions. The results showed that the maximum equivalent stress under the incentive displacement of 0.25 mm was significantly larger than the experimental results, which proved the theoretical feasibility of this method. So, through the displacement excitation of wires, the ice can effectively be removed; in addition to the fact that the wire ice coating belongs to brittle material, alternating stress and displacement can significantly improve the efficiency of deicing and reduce the transmission lines ice load to the its allowance.
Under the condition of excitation of deicing process, adjust the appropriate incentive frequency and displacement also to investigate the stress distribution of wire ice area is a key part of the technology. In this paper, on the basis of the above calculation analysis and experimental results, the incentive conditions of the transmission lines deicing were further researched and analyzed; we summarized different incentive displacement conditions under the influence of the equivalent stress distribution of ice area in the 0-2 kHz frequency range and finally determined the suitable incentive displacement of transmission line deicing, which has a reliable theoretical basis and reference value for the method.
Wire Tension
In the analysis of displacement excitation deicing of transmission line, wires cannot be regarded as the negligible stiffness idealized flexible cable. The dynamic response changes with the wire models, ice types, constraint length, preforce, and so forth.
Normally, within the elastic range, the preforce can correspondingly increase the stiffness of the material [7] . In the preforce (wire tension) incentive deicing technology process, a static analysis of the research object is needed. This paper discussed the uniform load isolated span iced wire tension relation and calculation method, assuming that the wire carrying is the same everywhere and is not subjected to concentrated load.
The mathematical description of wire carrying and tension is as follows.
The self-weight ratio of load is
The ice weight ratio of load is 2 = 9.8 = 9.8 × 0.9 ( + ) × 10
The total ratio of load is
where 0 is the quality of wire per kilometer, kg; is the area of cross section of wire, m 2 ; is the density of ice, kg/m 3 ;
is the ice volume, m 3 ; is the diameter of wire, m; is the thickness of ice, m; and is the length of wire, m.
Assuming that tension and stress of the wire at the low point are, respectively, 0 and 0 and the tension and stress of the wire at some point are, respectively, and , is the angle between the tangent of the wire at some point and the horizontal direction, is the total sectional area of the wire, is the total ratio of carrier, and is the arc length from the lowest point to of any point, and then the static wire is shown in Figure 1 . The stress of the lowest point can be calculated according to the hanging curve catenary equation:
Then, according to static equilibrium conditions sin = sin = = ,
where is the wire tension at the point. When the tension exists, the vibration damping effect of the wire will be reduced and the bandwidth of vibration frequencies will increase, the wire is easier to start oscillation [8, 9] . In this paper, the tension is the maximum tension of the wire at the lowest point.
Wire 3D Modeling and Simulation Analysis
3.1. Wire Parameters. The overhead transmission line adopted generally ACSR in China; wire model and the parameters are as shown in Table 1 .
Ice Model.
The ACSR wire modeling is extremely complex; it involves a lot of contact problems between the line and the plane, in the process of modeling; it is needed to consider the main factors affecting the analysis results and simplify the secondary factors to ensure the accuracy of theoretical calculation [10, 11] . In the following paper, LGJ-70/10 analysis model is established and the modeling process is considered as follows.
(1) According to the actual size to build the model. 3.3. Icing Type. The iced wire involves three different materials; the icing type due to the impact of meteorological parameters has the characteristics of randomness; in this paper, the authors studies the glaze ice which is common in Southern China [12, 13] ; the physical parameters are as shown in Table 2 . Among them, the elasticity modulus of glaze for this paper is the average value according to the test results of elastic modulus of 30 sets of uniaxial ice samples in the experimental environment −15 ∘ C (Figure 7 ).
Simulation Analysis.
In the simulation analysis, taking into account the feasibility of the project, the author changed the incentives displacement in the range of 0-2 kHz incentive frequency to investigate the icing area stress distribution, under different incentive displacement; the distribution of stress contours of direction of icing area is shown in Figure 3 .
The contour plot shows that the equivalent stress of the ice area in direction increases with the increase of incentive displacement; when the incentive displacement is 0.25 mm, the equivalent stress of the ice area in direction is 9.2 MPa, and when the incentive displacement is 0.5 mm, the equivalent stress of the ice area in the direction shows a significant increase (Figure 4) .
For microscopic and direct investigation of its dynamic response, two consecutive nodes of ice area are chosen; the response curve of 4456 and 4457 nodes changed with the incentive frequency changes is shown in Figure 5 .
The response curve of a continuous node shows that the stress of the ice area in direction increased linearly with the increase of incentive frequency ( Figure 6 ). It is important to note that excessive incentive parameters will affect the stability and the safety of the transmission line deicing operations [14] [15] [16] [17] . Therefore, it should choose the right incentives displacement and conducive incentive frequency to project implementation as the deicing technical parameters.
Experiments
In order to verify the maximum stress under the above incentive parameters which is greater than the glaze ice maximum crushing strength and select the reasonable incentive parameters, this part investigates on the strength of the ice.
The wire ice coating belongs to anisotropic brittle material and its crushing strength related to the type, temperature, geometry size, and so on [18] [19] [20] Committee on Ice Problems [21, 22] , under low temperature environment in the laboratory, the authors ice up LGJ-70/10, LGJ-95/55, and LGJ-400/65 of three different cross section wires and processed them into 60 mm 2 samples with the sectional side of = 60mm and = 90mm, using the SHT4305 testing machine controlled by computer servo universal for compression test.
According to the type of the wire, the processed samples were divided into three groups and stored at −5 ∘ C, −15 ∘ C, and −25 ∘ C low temperature environment after 24 hours. It was found that, at the temperature of −25 ∘ C and the compression speed of 180 mm/min, LGJ-95/55 icing wire specimen had a maximum compressive strength of 1.3 MPa and other cases were significantly less than 1.3 MPa; the following is the stress curve of LGJ-70/10 at −15 ∘ C (Figure 8 ). Collating the test results, Table 3 is the average compression strength of different icing wire samples under different temperatures.
The various experimental results show that the compressive strength of icing wire is increasing with decreasing the temperature, and at the same temperature, the compressive strength of different cross section icing wire has no significant difference. At the temperature of −5 ∘ C, the test value is relatively stable, which is mainly concentrated in about 0.45 MPa; as the temperature decreases, the test results increased gradually, and the discrete value appears to be more obvious; at the temperature of −25 ∘ C, the maximum compressive strength of 1.3 MPa appeared; the number is significantly less than the equivalent stress of 9.2 MPa under 0.25 mm incentive displacement; therefore, from the perspective of energy saving, high efficiency, and safety, the 0.25 mm incentive displacement just can realize the glaze ice broken; in addition, the higher incentive displacement will generate excessive stress and it will have a certain influence on the safety of the wire [23] . 
Structure Design and Development
Taking into account the characteristics of flexibility and adaptability of displacement excitation deicing required, the structure is designed to be mechanical running gear which can work along the lines. It uses two groups of wheel sets to bind wire; the drive shaft is at the upper wheel. Therefore, the patrol assignments can be realized [24] . The detent spring and the pin are installed in the under of axle chute, which is easy to patrol line and which is convenient for holding force of the wire according to the thickness of the ice to adjust the wheelbase, to ensure the stability of the work. The structure in the middle is an eccentric vibrator, which is good for eccentric vibrator together with the ice wires. In addition, the eccentricity can ensure incentive displacement at the same time. The eccentric vibrator is driven by the motor to achieve the incentive on icing wire; the ice slides through the V groove in the middle after being broken, so as to realize the deicing of transmission line. Following is the structure diagram ( Figure 9 ). This structure sets the driven shaft on the above wheel through the transformation of the driving system. It also can realize independent deicing.
Conclusions
(1) The equivalent stress of icing area linearly increases as the incentive frequency increases and increases as the amount of incentive displacement increases.
(2) In the range of 0-2 kHz, under the conditions of 0.25 mm incentive displacement, the equivalent stress in direction of LGJ-70/10 glazing ice area is 9.2 MPa. It is significantly greater than the icing maximum compressive strength of 1.3 MPa in laboratory. In addition, the alternating displacement will be conducive to the shedding of ice. Therefore, the high frequency excitation deicing is feasible in theory.
(3) Considering the size and flexibility of the deicing robot, in the process of incentive deicing of transmission line, it is necessary to choose appropriate constraint length to implement, according to the simulation experience, with 0.5-1.5 m being appropriate.
(4) Because of the complexity of its theory and the accuracy of implementing required, the discussion of incentive deicing technology of overhead transmission line should be combined with practical experience and the engineering practice to do more comprehensive and in-depth study.
